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CLAIMS 



[Claim(s)] 

[Claim 1] The approach which supplies a subcarrier, carries out the frequency modulation of the subcarrier 
with the channel signal block by which amplitude modulation was carried out, and is characterized by 
consisting of a process which transmits this FM modulation subcarrier to an optical-communication path by 
the approach for transmitting signal transmission through an optical-communication path. 
[Claim 2] The approach characterized by being RF subcarrier used for carrying out intensity modulation of 
the optical subcarrier for transmitting said FM modulation subcarrier through said communication path in 
the application-for-patent term 1. 

[Claim 3] The approach further characterized by including the process changed into the frequency range 
which carries out suitable [ of said FM modulation RF subcarrier ] for the modulation of said optical 
subcarrier in the application-for-patent term 2. 

[Claim 4] The approach which receives the optical subcarrier by which intensity modulation was further 
carried out from said optical-communication path in the application-for-patent term 3, and is characterized 
by to include the process which carries out FM recovery of the RF subcarrier in order to change said 
frequency-modulation RF subcarrier into the frequency range which carries out suitable in order to restore 
to ejection and taken-out RF subcarrier by which frequency modulation was carried out from the optical 
subcarrier which received and to take out the aforementioned channel signal block by which amplitude 
modulation was carried out. 

[Claim 5] The approach characterized by including the process which carries out FM recovery of the RF 
subcarrier in order to receive the optical subcarrier modulated from the further aforementioned optical- 
communication path in the application-for-patent terms 1-3 and to take out the channel signal block with 
which amplitude modulation of ejection and the above was carried out in the aforementioned RF subcarrier 
by which frequency modulation was carried out from the optical subcarrier which received. 
[Claim 6] It is the approach characterized by being the optical subcarrier which contains an optical 
frequency modulated wave between the modulation processes of the above [the aforementioned FM 
modulation subcarrier ] in the application-for-patent term 1. 

[Claim 7] It is the approach characterized by carrying out direct modulation of the aforementioned optical 
subcarrier with said AM channel signal block in the application-for-patent term 6. 

[Claim 8] The aforementioned optical subcarrier is an approach characterized by the frequency modulation 
RF subcarrier which carries the channel signal block with which amplitude modulation of the above was 
carried out in the application-for-patent term 6 becoming irregular. 

[Claim 9] Equipment characterized by including the means for carrying out the frequency modulation of the 
subcarrier with the channel signal block by which amplitude modulation was carried out, and the means for 
transmitting a frequency modulation subcarrier through an optical-communication path with the equipment 
for transmitting signal transmission through an optical-communication path. 

[Claim 10] It is equipment characterized by for said FM modulation subcarrier being an RF subcarrier, and 
said transmission means including the means for carrying out intensity modulation of the optical subcarrier 
by RF subcarrier by which FM modulation was carried out in order to transmit through the aforementioned 
communication path in the application-for-patent term 9. 

[Claim 1 1] Equipment further characterized by including the means for changing the aforementioned RF 
subcarrier by which FM modulation was carried out into the frequency range which carries out suitable for 
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m the intensity modulation of said optical subcarrier in the application-for-patent term 10. 
[Claim 12] It is equipment characterized by including the means for inputting the aforementioned channel 
signal block by which amplitude modulation was carried out into the voltage controlled oscillator of a couple 
by which the means of said frequency modulation and conversion was connected to the push pull mode of 
operation in the application-for-patent term 1 1 f and the oscillator of this couple, and the means of the 
double balance mixer connected to the output of an oscillator in order to supply RF subcarrier from which 
the above was changed. 

[Claim 13] It is equipment characterized by the aforementioned voltage controlled oscillator operating in 
the application-for-patent term 12 in a microwave frequency range. 

[Claim 14] It is equipment characterized by for said subcarrier being an optical subcarrier and said 
modulation means carrying out direct modulation of the optical frequency of a subcarrier with AM channel 
signal block in the application-for-patent term 9. 

[Claim 15] It is equipment characterized by including the means for combining said two or more modulation 
subcarriers in order for the aforementioned frequency modulation means to modulate each of two or more 
separate subcarriers in the application-for-patent term 14 with the separate channel signal block by which 
amplitude modulation was carried out and to transmit said equipment through the further aforementioned 
optical-communication path. 

[Claim 16] It is equipment which said FM modulation subcarrier is an RF subcarrier in the application-for- 
patent term 9, and is characterized by including the means for carrying out the frequency modulation of the 
optical subcarrier by the FM modulation RF subcarrier in order to transmit to said transmission means 
through said communication path. 

[Claim 1 7] It is equipment which the frequency modulation of each of two or more separate optical 
subcarriers is carried out in the application for patent term 16 by the separate FM modulation RF 
subcarrier which superimposes the separate channel signal block by which amplitude modulation was 
carried out , and is characterized by include a means combine two or more aforementioned frequency 
modulation light subcarriers in order to transmit said equipment through said optical communication path 
further . 

[Claim 18] The equipment characterized by to consist of the means for receiving the optical subcarrier 
which has held the frequency-modulation RF subcarrier modulated with an amplitude-modulation channel 
signal block with the equipment of the receiver for taking out the channel signal block by which amplitude 
modulation was carried out from an optical subcarrier, and by which intensity modulation was carried out 
from an optical-communication path, a means for taking out a frequency-modulation RF subcarrier from an 
optical subcarrier, and a means for carrying out the FM recovery of the RF subcarrier which took out in 
order to take out an amplitude-modulation channel signal block. 

[Claim 19] Equipment characterized by including the means connected between the means of the 
aforementioned ejection, and said FM recovery means in order to change the frequency modulation RF 
subcarrier taken out further into the frequency range which carries out suitable for a recovery in the 
application-for-patent term 18. 

[Claim 20] The approach characterized by consisting of a process which becomes irregular in order to 
generate an optical subcarrier and to generate the signal transmission by which the optical frequency 
modulation was carried out with AM subcarrier block in the optical frequency of this optical subcarrier, and 
transmits optical frequency modulation signal transmission through an optical-communication path by the 
approach for transmitting signal transmission through an optical-communication path. 
[Claim 21] The approach which receives an optical frequency modulation subcarrier from said optical- 
communication path, and is further characterized by including the process which takes out AM subcarrier 
block from the optical subcarrier which received in the application-for-patent term 20. 

[Claim 22] Equipment characterized by consisting of an optical FM discriminator for making a means for the 
equipment of the receiver for taking out an amplitude modulation channel signal block from an optical 
frequency modulation subcarrier receiving the optical subcarrier by which frequency modulation was 
carried out with an amplitude modulation channel signal block, and the lightwave signal by which intensity 
modulation was carried out with ejection and said AM channel signal block in the amplitude modulation 
channel signal block from the optical subcarrier which received output. 

[Claim 23] Equipment characterized by including the means for changing the further aforementioned 
intensity modulation lightwave signal into RF subcarrier including said AM channel signal block in the 
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application-for-patent term 22. 

[Claim 24] It is equipment characterized by taking out the amplitude modulation channel signal block of the 
inside which said FM discriminator was modulated by FM channel signal block in the application-for-patent 
term 22, and carried out intensity modulation of the aforementioned lightwave signal by said RF subcarrier. 
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[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] This invention relates to transmission of an amplitude modulation (AM) 
signal, especially the cable television band signal by which amplitude modulation was carried out to the 
optical-fiber line network through an optical-communication path. 

[0002] Development of an analog optical transmission system is attracting the interest of a world 
dramatically in recent years, and an analog communication system has the advantage which can utilize 
bandwidth efficiently as compared with a digital system. This will work advantageously especially for cable 
television (CATV) communication system with the need of transmitting the image channel of a large 
quantity to an optical fiber. Moreover, the equipment present by using the same amplitude modulation 
vestigial sideband (AM-VSB) signal format as being used by the coaxial cable signal transmission can be 
shared as it is. 

[0003] If the television signal which consists of an AM-VSB image subcarrier is adopted, the number of 
channels can be increased in the bandwidth which was compatible in the format with the NTSC television 
standard, and was permitted, and a desirable thing will be seemed. However, it is that a carrier-to-noise 
ratio (CN ratio) is required more by the high level one of the faults of AM-VSB transmission compared with 
the frequency modulation of a video signal, or other technique like digital transmission. Usually, in order to 
receive an AM-VSB television signal clearly, at least 40dB CN ratio is required. 

[0004] In order to transmit an information signal (for example, television signal) through an optical fiber, a 
light beam (subcarrier) must be modulated with the information signal. It is thought that things which the 
semiconductor laser which each has an advantage and a fault and shows enough linearity and dynamic 
ranges to transmission of the amplitude modulation subcarrier image of a multiplexer channel with a 
technique at present comes to hand although the various approach against the well-known approach was 
made, such as direct modulation of the laser from the light source or external modulation of a laser beam, 
are difficult. 

[0005] A multiplexer-channel CATV system must supply 40 or the number of channels beyond it, in order 
to remain by commercial-scene competition. I hear that it is difficult for the trouble accompanying this 
multiplexer-channel AM transmission for the CN ratio and distorted component as a requirement of AM 
transmission to attain in an optical transmission system, and it has it. 

[0006] In frequency modulation (FM), the CN ratio and distorted component as a requirement may be lower. 
Multiplexer-channel image transmission was transmitted by each subcarrier of many FM modulation image 
channels at the beginning. However, the technique of this FM subcarrier modulation for image distribution 
will need a demodulator as well as a modulator and a receiving side under exclusive contract by the 
transmitting side to each channel, respectively, and will require costs. Furthermore, in order to make it 
compatible with the present cable system, in such FM transmission, frequency conversion must be carried 
out for suitable channel distribution, and the complicated system which uses many components for this 
reason will be needed. 

[0007] It will be useful to offer the low CN ratio which is the requirement of FM transmission, the approach 
accompanied by the advantage of a distorted component, and equipment, reconciling the advantage of AM 
signal distribution. It will be still more useful if the receiver for receiving the signal transmitted using such 
an approach can be offered. This invention offers such an approach and equipment. 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/07/14 



JP,05-1 10513.A [DETAILED DESCRIPTION] . . 2/6 ^— v 



. [0008] 

[Summary of the Invention] This invention offers the approach of transmitting signal transmission to an 
optical-communication path. It is used for the usual (amplitude modulation AM) channel signal block 
carrying out the frequency modulation of the RF subcarrier. And it becomes irregular by the frequency 
modulation subcarrier, and an optical subcarrier is transmitted to an optical-communication path like an 
optical fiber. In the 1st example, the intensity modulation which modulates an optical subcarrier by the 
frequency modulation subcarrier including an AM signal block is used. 

[0009] In order to make signal processing easy, RF subcarrier by which frequency modulation was carried 
out is changed into the frequency range for the modulation of an optical subcarrier which carries out 
suitable. For example, this subcarrier is changed into the low frequency range which can share an optical 
transmission system device like an optical transmitter and an optical receiver after performing the 
frequency modulation of RF subcarrier with an amplitude modulation channel signal band in a microwave 
frequency range. 

[0010] The receiver used in this 1st example receives the optical subcarrier by which intensity modulation 
was carried out from the optical-communication path, and if required because of the recovery which 
restores ejection and AM channel signal block, it will change RF subcarrier by which frequency modulation 
was carried out from this subcarrier into the frequency range which carries out suitable. It comes out 
picking, and the bottom, a signal block is inputted into a television set or other transmission systems, and 
is recovered from it to selected AM channel signal. 

[001 1] The means for transmitting the optical subcarrier modulated to an optical-communication path like 
the means which carries out the frequency modulation of the RF subcarrier with the channel signal block 
by which amplitude modulation was carried out, a means to modulate an optical subcarrier by RF 
subcarrier, and an optical fiber is included in the equipment for transmitting signal transmission in the 1st 
example. A conversion means is changed into the frequency range which carries out suitable [ of the RF 
subcarrier by which frequency modulation was carried out for the intensity modulation of an optical 
subcarrier ]. Frequency modulation and a conversion means consist of voltage controlled oscillators of a 
couple connected to the push pull mode of operation. 

[0012] The channel signal block by which amplitude modulation was carried out inputs into an oscillator 
pair, and the frequency modulation RF-signal band from which the means of the double balance mixer 
connected to the output of an oscillator was changed is supplied. Since a voltage controlled oscillator is 
operated in a microwave frequency range in order to improve the linearity of frequency modulation, the 
channel signal block by which amplitude modulation was carried out in this case occupies the **** element 
in about 20GHz subcarrier. 

[0013] The receiving set of the 1st example consists of means to receive the optical subcarrier containing 
RF subcarrier by which frequency modulation was carried out with AM channel signal block from the 
optical-communication path by which intensity modulation was carried out. In order to take out the means 
for taking out RF subcarrier by which frequency modulation was carried out from an optical subcarrier, and 
an amplitude modulation channel signal block, the means for carrying out FM recovery of the subcarrier is 
equipped. In order to change the taken-out frequency modulation subcarrier into the frequency range for a 
recovery which carries out suitable, the means connected between the reinstatement means and FM 
recovery means is also equipped. Moreover, a means to supply the restored amplitude modulation channel 
signal to a television set or similar equipment is also equipped. 

[0014] It is used for AM channel signal block modulating the optical frequency of an optical subcarrier in 
the 2nd example. The reference of the optical subcarrier is absolutely carried out to the vibration 
frequency value, and this is the need in order to operate a discriminator proper by the receiver side. The 
channel signal block by which amplitude modulation was carried out from the optical subcarrier which 
received as a receiving set to an optical frequency modulating signal in the 2nd example consists of optical 
FM discriminators which output ejection and a corresponding intensity modulation lightwave signal. 
Moreover, the receiver is equipped also with the means for restoring to the channel signal which consists 
of an image and speech information and by which amplitude modulation was carried out. 
[0015] 

[Example] In order that this invention may transmit an optical subcarrier through an optical-communication 
path, it is the block of the usual AM channel signal, and the advantage which can attain a low CN ratio and 
a distorted component is born by carrying out FM modulation of the RF subcarrier. If an optical subcarrier 
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. is equipped with the linearity of the moderate laser circuit for FM transmission, and the conditions of a CN 
fatio, and is supplied from laser, for example, about 18dB of CN ratios becomes, it will be enough for FM 
transmission, and will only be needing the 2nd and about 20dB of the 3rd compound distorted components. 
This is completely advantageous as compared with the about 40dB CN ratio needed for AM transmission. 
[0016] Although this invention is related to fiber-optic cable television systems and explained, if it is the 
people well versed in the technique, it will be able to admit that this invention is applicable to other optical- 
communication networks. 

[0017] The example of the beginning of invention is illustrated from drawing 1 to drayying 4 . From about 50 
to about 550MHz, the channel signal of each [ 6MHz frequency allocation ] is included in the present AM 
cable television band 10 so that clearly [ in drawing 1 ], and it can expect that bandwidth is extended up to 
about 1 GHZ in the future. The present frequency band 10 is inputted into the block converter 14 from a 
terminal 12. 

[0018] In this invention, the broadband VCO to the frequency (for example, 2.2GHz) for modulating RF 
subcarrier with AM cable band is included in the block converter 14. As for the frequency modulation by 
AM cable band, it is advantageous that the band of the range of microwave performs, and the bandwidth of 
a block of a television subcarrier is [ in this case / the actuation frequency of a voltage controlled 
oscillator ] small. 

[0019] After the filter of the FM modulation subcarrier is carried out with a low pass filter 18, it carries out 
direct modulation of the laser 22. The limit by the requirement and optical-fiber circuit of communication 
system is followed, and it is FABURI. - The laser of common knowledge structure like the Perrault form, a 
distribution feedback form (DFB), or quantum Igata is used. Of course, external modulation or other 
intensity modulation can be used for the modulation of this lightwave signal. 

[0020] the example of drayying 1 — FABURI - the Perrault rhe — the — intensity modulation of -22 is 
carried out by RF subcarrier containing a band 20. Consequently, the optical subcarrier including the block 
of a television channel signal by which intensity modulation was carried out is generated, and it is 
transmitted to the optical Ferber receiver 26 through the optical Ferber network 24. So, the optical 
subcarrier output from laser 22 contains AM cable band of the origin by which FM: modulation was carried 
out in the high frequency field, and will transmit an intensity modulation signal through an optical- 
communication way. such — dividing — coming out — an intensity modulation signal — optical-AM/RF- 
FM/RF- an AM signal — or if it says simply, it can be regarded as AM/FM/AM signal. 

[0021] The optical-fiber receiver 26 is common equipment for receiving an optical subcarrier and taking out 
the information (in this case, it being RF subcarrier (FM/AM) including the block of AM channel signal by 
which FM modulation was carried out) by which intensity modulation was carried out. The taken-out 
information is inputted into the block demodulator of 28, is changed into a higher frequency on the local 
oscillation frequency applied from a terminal 32 by the mixer 30, and takes out the original AM band by the 
broadband discriminator 34. Upper part conversion of FM / AM signal frequency is advantageous especially 
when a tuning circuit discriminator is used for the ejection of AM band. Taken-out AM cable band 10 is 
outputted from a block demodulator. 

[0022] The block diagram of drawing 2 has illustrated one of the examples of a broadband VCO 16. It is 
operated with the center frequency which is about 21 GHz which can be satisfied with this example of the 
linearity of the AM signal block inputted with the terminal 12 in order to modulate the subcarrier by which 
connected with push PURUMO-DO and the voltage controlled oscillators (VCO) 40 and 42 of a couple 
were made from VCO. It is clear 500MHz bandwidth's of the AM band 10 to fit in the VCO clock frequency 
of about 21 GHz easily. 

[0023] It is combined with the double balance mixer 44, and the output of VCO40 and VC042 transforms 
the frequency of an FM modulation RF subcarrier caudad so that both optical transmitter in the existing 
communication system and receiver can be shared. This RF subcarrier is used for the direct modulation of 
laser 22. FM modulation subcarrier output outputted with the microwave carrier frequency of 21 GHz from 
VCO 40 and 42 is heterodyne-ized by the mixer 44, and makes the signal band 20 whose center frequency 
which was illustrated to drawing 1 is about 2.2GHz. A high frequency component is removed from the cycle 
taking-out force of Broadband VCO with a low pass filter 18. 

[0024] The straight-line relation 50 between the input voltage in the output of the double balance mixer 44 
and an output frequency is illustrated to drawing. 3 . Moreover, the ideal transfer characteristics of the 
result of having performed push PURUMO-DO of VCO 40 and 42 to drayying 4 are illustrated. Similarly the 
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line 54 expresses the deviation to a lower part for the deviation to the upper part of a main cycle [ as 
bpposed to change of input voltage in a line 52 ] again. 

[0025] At a receiver side, an amplitude modulation channel signal block is taken out by the broadband FM 
discriminator 34 ( drawing 1 ). This discriminator is the thing of the type of common knowledge like an easy 
low pass filter which identifies that transition state, can use the double balance VCO of the structure same 
on the other hand again as a broadband VCO 16 for FM discrimination by the side of a receiver, and also it 
may use the RF FM discriminator of other common knowledge. 

[0026] Another example by this invention is illustrated from drawing 5 to drayying 10 . In this example, AM 
subcarrier (for example, image) block information is distributed to the optical fiber using an optical 
frequency modulation. In the arrangement shown in draw ing 5 , the laser subsystem supplies the optical 
subcarrier. The optical frequency modulation of the subcarrier output from the laser subsystem 60 is 
carried out with AM subcarrier block 120 inputted with a terminal 63. 

[0027] The optical subcarrier by which the vibration frequency modulation was carried out is amplified with 
a light amplifier 62, and is inputted into a splitter 64, and this output is connected to fiber-optic cable 
television transmission Aminaka's separate transmitting path [ each ]. In the path shown in drawing 5 , the 
subcarrier by which FM modulation was carried out optically reaches the vessel 68 according to light valve 
through the fiber circuit 66, and takes out AM subcarrier from an optical subcarrier. 

[0028] it is possible to utilize the technique of the vessel according to light valve of common knowledge 
like an optical delay circuit, a light filter, an unbalance RF interferometer, a wave division multiplex grid, and 
(or) a dielectric film as a vessel according to this light valve. The output of the vessel 68 according to light 
valve is detected by the usual photodetector 70, and is changed into an electric field. The acquired 
electrical signal is amplified with the RF amplifier 72, and it restores to it to each AM subcarrier by the 
usual approach. 

[0029] Mach illustrated to drawing 9 as an example of the vessel according to light valve used for the 
example of drayying 5 - A TSUENDA-interferometer type light vibration frequency discriminator is raised. 
An optical vibration frequency modulation light from the fiber circuit 66 inputs with a terminal 140, and is 
divided into two paths 142 and 144 of inequality length. Since a path 142 is longer than a path 144, it is in 
the light which passed along the path 142 slightly to the light which passed along the path 144. The optical 
path is combined in the interferometer section 146, and the output signal in a terminal 148 will contain the 
intensity modulation light which superimposed AM subcarrier concession. When a discriminator separates 
from the absolute value of vibration frequency and operates, in order to prevent the drift of optical 
subcarrier vibration frequency, it is necessary to have the laser which had a standard reference by the 
transmitter side. 

[0030] The transfer characteristics over the vessel according to light valve of drawing 9 are illustrated to 
d rawin g 10 . The transfer characteristics keep linearity considerable in the field which has been illustrated 
as 152 and in which the vessel according to light valve operates like, this Mach - explanation beyond this 
of a TSUENDA-interferometer — "the integration 4 channel Mach-TSUENDA-muIti / demultiplexers" 
which incorporated on Si Si02 waveguide which doped phosphorus, such as B.H. VERUBI-KU (B. 
H.Verbeek), and IEEE Lightwave Technology LT-6 and pp. — it is explained by 101 1 and 1988 in full detail. 
Other optical distribution equipments, for example, FABURI, - A thing like the Perrault interferometer is 
also usable as a vessel according to light valve. 

[0031] The configuration of the laser subsystem 60 of drawing 5 is illustrated to drawing 6 . AM subcarrier 
block 120 inputs into an RF cycle modulator like the push pull VCO illustrated from the terminal 81 to 
drawing 2 . Although an optical subcarrier is supplied from laser 84, when you need by FM discriminator by 
the side of a receiver, in order to maintain laser appearance center-of-force vibration frequency at a fixed 
point, it forms the standard reference 82 which shows the absolute value of vibration frequency. An optical 
subcarrier is modulated with RF cycle modulation subcarrier output from a modulator 86 with the optical 
frequency modulator 88. And an optical subcarrier will transmit AM subcarrier block 120 with an optical 
frequency modulated wave. 

[0032] The external optical frequency modulator 88 changes RF modulated wave from a modulator 86 into 
an optical field wave. An optical frequency modulator bears the role using acoustooptics or the magneto- 
optical effect, and the example of this equipment is described by reference. For example, MBB 3-1 and 
pp.29-31 have described the technique of a magneto-optics interaction convertible into an optical field for 
the broadband RF cycle modulating signal in C.S. Tsai, "the method light guide beam deflection of **-ed 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/07/14 



JP.05-1 1 051 3.A [DETAILED DESCRIPTION] , . 5/6 

. [ broadband ] using a static magnetism forward wave and RF analysis of a spectrum" of D. young (C. S.Tsai 
and D.Young) , Integrated and Guided-wave Optics Topical Meeting, (IGWO) and Houston, Texas, and 
February six - 8 1989 years. 

[0033] Moreover, C.S. Tsai and Z.Y. chain (C. STsai andZ.Y.Cheng) , explain "the frequency shifter by new 
integration acoustooptics", IGWO, Houston, Texas, February 6 - 8, 1989TuAA 5-1, and the acoustooptic 
interaction technique used for the same object by pp.1 42-145,, 

[0034] Moreover, C.S. Tsai, T.Q. VU - and JA Norris (C. S.Tsai, T.Q.Vu, and J.A.Noris), In-and-out of the 
light of such a modulator is tied up and discussed by MDD 4-1 and pp. 76-79 in ** "formation of the lens 
array in the planar metal lens by the ion implantation method, and GaAs", IGWO, Houston, Texas, and 
February six - 8 1989 years. It clarifies also about the lens currently integrated by the modulator. 
[0035] In order to actually change FM signal-processing gain, i.e., to make a CN ratio increase to a desired 
value when adopting the modulator currently explained in full detail by reference (Tsai et al) reference, 
such as above-mentioned Tsai, it is necessary to carry out broadband FM conversion of the AM subcarrier 
information first. This conversion is performed in the usual electronic circuitry in RF field. 
[0036] The equipment which supplies the optical frequency modulation subcarrier which transmits two or 
more separate AM subcarrier blocks 120 to drawing 7 is illustrated. AM subcarrier block is inputted into 
separate RF frequency modulator (only the modulator 108 is illustrated in dr awin g 7 ) with a terminal 121. 
The output of other RF frequency modulators (not shown) holds another subcarrier, and is connected to 
terminals 95 and 101. 

[0037] Each block of AM subcarrier is optically modulated on the separate optical subcarrier supplied by 
corresponding laser. By having the laser according to individual to the separate block of a subcarrier, the 
total channel capacity of this lightwave transmission system can be increased. For example, the laser 92 of 
the 1st optical frequency W1 (it is possible to hold to constant value by the optical frequency absolute 
value reference 90) outputs the optical subcarrier modulated by optical frequency 94. 
[0038] Laser 98 supplies the 2nd output of the vibration frequency W2 which can be maintained at 
constant value in the vibration frequency absolute value reference 96, when the vessel according to light 
valve by the side of a receiver needs. This optical subcarrier is modulated with the optical frequency 
modulator 100. Eventually, laser 104 supplies the optical output of vibration frequency Wn (maintained at 
constant value in the vibration frequency absolute value reference 102, if required), and is modulated with a 
modulator 106. Each modulation subcarrier from laser 92 and 98,104 is inputted into a multiplexer 110, and 
is combined and transmitted to a single lightwave signal. 

[0039] The optical multiplexers 110 (and optical demultiplexer by the side of a corresponding receiver) are 
the components by the known technique. This multiplexer is made of the easiest example from the 
wavelength insensible fiber coupler. A micro light grid, a die clo IKKU multilayer dielectric filter, or 
unbalance Mach - All TSUENDA-interferometers etc. are equipped with the function of a multiplexer and a 
demultiplexer, for example, please refer to FG5 in "the waveguide element with which wavelength division 
multiplex integration of [ on Si substrate ] was carried out" of M. KAWACHI (M. Kawachi), Conference on 
Laser and Electro-optics, Baltimore, Maryland, and 24-April 28 1989 year. 

[0040] In the example of drawing 7 , it also has the light amplifier. When an optical frequency modulator has 
only very small residual amplitude modulation, a semi-conductor light amplifier is used. Erbium fiber- 
amplifier can be used and amplitude induction crosstalk can be prevented more. It is possible to connect 
some light amplifiers to a fiber distribution system at a serial, and to be able to perform economization of 
all expense, and to extend signal transduction distance. 

[0041] One approach that I accept it in order for AM subcarrier block to perform the optical frequency 
modulation of an optical subcarrier to drawjngJB is illustrated. In this example, AM subcarrier block 120 
inputs into a terminal 123, and is carrying out direct modulation of the inrush current of semiconductor 
laser 1 32. Change of an inrush current generates an optical frequency chirp in laser, and, as a result, the 
linearity of FM response becomes good. 

[0042] For example, I want to refer to "the multi-electrode distribution feedback form laser for pure 
frequency modulation and tea-ping control amplitude modulation" of Y. YOSHIKUNI and G. MOTOSUGI (Y. 
Yoshikuni and G.Motosugi), Journal of Lightwave Technology, Vol.LT-5, and No. April, 1987 [ 4 or ]. 
[0043] Laser 132 is having the absolute value readjusted by the vibration frequency absolute value 
reference, and this is the need for the optical frequency multiplexer of a system, a demultiplexer, and a 
discriminator operating with specific optical frequency. Probably, it will be clear that this vibration 
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frequency absolute value reference's it is better to surely have. For this reason, the photocurrent 
effectiveness or a gas cell can be used, for example. 

[0044] For example, Y.C. Chilian, P.D. Carty (Y. C.Chung, "cold start 1.5micromFSK heterodyne detection 
experiment" Optical Fiber Communications Conference of P.D.Tkach), Houston, Texas, 6-February 9, 1989, 
"Frequency discrimination of the packed DFB laser in 1 .5-micrometer field and stabilization" of TUI5 and 
M.W. Maeda, and R.E. Wagner (M. W.Maeda, R.E.Wagner), and Optical Fiber Communications I want to refer 
to TUI4 in Conference, Houston, Texas, and 6-February 9 1989 year. 

[0045] I think that it became clear that this invention is what offers the system which abolishes the 
disadvantageous point of the conventional AM fiber optics communication, and transmits an amplitude 
modulation image subcarrier block to an optical transmission path. The linearity of an optical- 
communication path will not be in the condition like the present system of feeling uneasy, but an AM signal 
can be transmitted like AM transmission by repeating frequency modulation. 

[0046] The linearity in the frequency modulation in an electric field is produced in operating an FM 
modulator on a microwave frequency. The frequency deviation which can be used by having 2 sets of 
balanced voltage controlled oscillators as compared with the case where the linearity of a modulation 
process is increase and single VCO doubles. Lower part changeover of a frequency is performed by 
combining a VCO output in a double balance mixer. 

[0047] without it deviates from the real intention and range of this invention of a claim if it is the people 
well versed in the technique although this invention has been explained with various examples — versatility 
— extensive — I think that business and an improvement can be aimed at. 
[0048] 

[Effect of the Invention] Since this invention transmits an optical subcarrier through an optical- 
communication path as explained above, it is the block of the usual AM channel signal, and can attain a low 
CN ratio and a distorted component by carrying out FM modulation of the RF subcarrier. Conventionally, 
the trouble accompanying multiplexer-channel AM transmission solved the point which was difficult for the 
CN ratio and distorted component as a requirement of AM transmission to attain in an optical transmission 
system. 

[0049] That is, multiplexer-channel image transmission was conventionally transmitted by each subcarrier 
of many FM modulation image channels. However, the technique of this FM subcarrier modulation for image 
distribution will need a demodulator as well as a modulator and a receiving side under exclusive contract by 
the transmitting side to each channel, respectively, and will require costs. Furthermore, in order to make it 
compatible with the present cable system, in such FM transmission, frequency conversion must be carried 
out for suitable channel distribution, and the complicated system which uses many components for this 
reason will be needed. 

[0050] This invention was able to solve many of these problems by offering the approach and equipment 
accompanied by the advantage of the low CN ratio which is the requirement of FM transmission, and a 
distorted component, reconciling the advantage of AM signal distribution. 

' " * — ■ — — — „ — — ■* — ■' " i ■■ ■ • ■ ■ — . — , — — — . .. . i . . ,,, .,. ,. , , — . „ ,. „ ,. i — „,■..,... „ ..,_ — — — 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since this invention transmits an optical subcarrier through an optical- 
communication path as explained above, it is the block of the usual AM channel signal, and can attain a low 
CN ratio and a distorted component by carrying out FM modulation of the RF subcarrier. Conventionally, 
the trouble accompanying multiplexer-channel AM transmission solved the point which was difficult for the 
CN ratio and distorted component as a requirement of AM transmission to attain in an optical transmission 
system. 

[0049] That is, multiplexer-channel image transmission was conventionally transmitted by each subcarrier 
of many FM modulation image channels. However, the technique of this FM subcarrier modulation for image 
distribution will need a demodulator as well as a modulator and a receiving side under exclusive contract by 
the transmitting side to each channel, respectively, and will require costs. Furthermore, in order to make it 
compatible with the present cable system, in such FM transmission, frequency conversion must be carried 
out for suitable channel distribution, and the complicated system which uses many components for this 
reason will be needed. 

[0050] This invention was able to solve many of these problems by offering the approach and equipment 
accompanied by the advantage of the low CN ratio which is the requirement of FM transmission, and a 
distorted component, reconciling the advantage of AM signal distribution. 
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EXAMPLE 



[Example] In order that this invention may transmit an optical subcarrier through an optical-communication 
path, it is the block of the usual AM channel signal, and the advantage which can attain a low CN ratio and 
a distorted component is born by carrying out FM modulation of the RF subcarrier. If an optical subcarrier 
is equipped with the linearity of the moderate laser circuit for FM transmission, and the conditions of a CN 
ratio, and is supplied from laser, for example, about 18dB of CN ratios becomes, it will be enough for FM 
transmission, and will only be needing the 2nd and about 20dB of the 3rd compound distorted components. 
This is completely advantageous as compared with the about 40dB CN ratio needed for AM transmission. 
[0016] Although this invention is related to fiber-optic cable television systems and explained, if it is the 
people well versed in the technique, it will be able to admit that this invention is applicable to other optical- 
communication networks. 

[0017] The example of the beginning of invention is illustrated from drawing jj to drawing 4 . From about 50 
to about 550MHz, the channel signal of each [ 6MHz frequency allocation ] is included in the present AM 
cable television band 10 so that clearly [ in drawing 1 ], and it can expect that bandwidth is extended up to 
about 1 GHZ in the future. The present frequency band 10 is inputted into the block converter 14 from a 
terminal 12. 

[0018] In this invention, the broadband VCO to the frequency (for example, 2.2GHz) for modulating RF 
subcarrier with AM cable band is included in the block converter 14. As for the frequency modulation by 
AM cable band, it is advantageous that the band of the range of microwave performs, and the bandwidth of 
a block of a television subcarrier is [ in this case / the actuation frequency of a voltage controlled 
oscillator ] small. 

[0019] After the filter of the FM modulation subcarrier is carried out with a low pass filter 18, it carries out 
direct modulation of the laser 22. The limit by the requirement and optical-fiber circuit of communication 
system is followed, and it is FABURI. - The laser of common knowledge structure like the Perrault form, a 
distribution feedback form (DFB), or quantum Igata is used. Of course, external modulation or other 
intensity modulation can be used for the modulation of this lightwave signal. 

[0020] the example of drawing 1 — FABURI - the Perrault rhe — the — intensity modulation of -22 is 
carried out by RF subcarrier containing a band 20. Consequently, the optical subcarrier including the block 
of a television channel signal by which intensity modulation was carried out is generated, and it is 
transmitted to the optical Ferber receiver 26 through the optical Ferber network 24. So, the optical 
subcarrier output from laser 22 contains AM cable band of the origin by which FM modulation was carried 
out in the high frequency field, and will transmit an intensity modulation signal through an optical- 
communication way. such — dividing — coming out — an intensity modulation signal — optical-AM/RF- 
FM/RF- an AM signal — or if it says simply, it can be regarded as AM/FM/AM signal. 

[0021] The optical-fiber receiver 26 is common equipment for receiving an optical subcarrier and taking out 
the information (in this case, it being RF subcarrier (FM/AM) including the block of AM channel signal by 
which FM modulation was carried out) by which intensity modulation was carried out. The taken-out 
information is inputted into the block demodulator of 28, is changed into a higher frequency on the local 
oscillation frequency applied from a terminal 32 by the mixer 30, and takes out the original AM band by the 
broadband discriminator 34. Upper part conversion of FM / AM signal frequency is advantageous especially 
when a tuning circuit discriminator is used for the ejection of AM band. Taken-out AM cable band 10 is 
outputted from a block demodulator. 
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. [0022] The block diagram of drawing 2 has illustrated one of the examples of a broadband VCO 16. It is 
operated with the center frequency which is about 21 GHz which can be satisfied with this example of the 
linearity of the AM signal block inputted with the terminal 12 in order to modulate the subcarrier by which 
connected with push PURUMO-DO and the voltage controlled oscillators (VCO) 40 and 42 of a couple 
were made from VCO. It is clear 500MHz bandwidth's of the AM band 10 to fit in the VCO clock frequency 
of about 21 GHz easily. 

[0023] It is combined with the double balance mixer 44, and the output of VCO40 and VC042 transforms 
the frequency of an FM modulation RF subcarrier caudad so that both optical transmitter in the existing 
communication system and receiver can be shared. This RF subcarrier is used for the direct modulation of 
laser 22. FM modulation subcarrier output outputted with the microwave carrier frequency of 21 GHz from 
VCO 40 and 42 is heterodyne-ized by the mixer 44, and makes the signal band 20 whose center frequency 
which was illustrated to drawing 1 is about 2.2GHz. A high frequency component is removed from the cycle 
taking-out force of Broadband VCO with a low pass filter 18. 

[0024] The straight-line relation 50 between the input voltage in the output of the double balance mixer 44 
and an output frequency is illustrated to dr awin g 3 . Moreover, the ideal transfer characteristics of the 
result of having performed push PURUMO-DO of VCO 40 and 42 to drayying 4 are illustrated. Similarly the 
line 54 expresses the deviation to a lower part for the deviation to the upper part of a main cycle [ as 
opposed to change of input voltage in a line 52 ] again. 

[0025] At a receiver side, an amplitude modulation channel signal block is taken out by the broadband FM 
discriminator 34 ( drawing 1 ). This discriminator is the thing of the type of common knowledge like an easy 
low pass filter which identifies that transition state, can use the double balance VCO of the structure same 
on the other hand again as a broadband VCO 16 for FM discrimination by the side of a receiver, and also it 
may use the RF FM discriminator of other common knowledge. 

[0026] Another example by this invention is illustrated from drawing 5 to drawing 10 . In this example, AM 
subcarrier (for example, image) block information is distributed to the optical fiber using an optical 
frequency modulation. In the arrangement shown in drawing 5 , the laser subsystem supplies the optical 
subcarrier. The optical frequency modulation of the subcarrier output from the laser subsystem 60 is 
carried out with AM subcarrier block 120 inputted with a terminal 63. 

[0027] The optical subcarrier by which the vibration frequency modulation was carried out is amplified with 
a light amplifier 62, and is inputted into a splitter 64, and this output is connected to fiber-optic cable 
television transmission Aminaka's separate transmitting path [ each ]. In the path shown in drawing 5 , the 
subcarrier by which FM modulation was carried out optically reaches the vessel 68 according to light valve 
through the fiber circuit 66, and takes out AM subcarrier from an optical subcarrier. 

[0028] it is possible to utilize the technique of the vessel according to light valve of common knowledge 
like an optical delay circuit, a light filter, an unbalance RF interferometer, a wave division multiplex grid, and 
(or) a dielectric film as a vessel according to this light valve. The output of the vessel 68 according to light 
valve is detected by the usual photodetector 70, and is changed into an electric field. The acquired 
electrical signal is amplified with the RF amplifier 72, and it restores to it to each AM subcarrier by the 
usual approach. 

[0029] Mach illustrated to drawing 9 as an example of the vessel according to light valve used for the 
example of drawing 5 - A TSUENDA-interferometer type light vibration frequency discriminator is raised. 
An optical vibration frequency modulation light from the fiber circuit 66 inputs with a terminal 140, and is 
divided into two paths 142 and 144 of inequality length. Since a path 142 is longer than a path 144, it is in 
the light which passed along the path 142 slightly to the light which passed along the path 144. The optical 
path is combined in the interferometer section 146, and the output signal in a terminal 148 will contain the 
intensity modulation light which superimposed AM subcarrier concession. When a discriminator separates 
from the absolute value of vibration frequency and operates, in order to prevent the drift of optical 
subcarrier vibration frequency, it is necessary to have the laser which had a standard reference by the 
transmitter side. 

[0030] The transfer characteristics over the vessel according to light valve of drawing 9 are illustrated to 
drawing 10 . The transfer characteristics keep linearity considerable in the field which has been illustrated 
as 152 and in which the vessel according to light valve operates like, this Mach - explanation beyond this 
of a TSUENDA-interferometer — "the integration 4 channel Mach-TSUENDA-muIti / demultiplexers" 
which incorporated on Si Si02 waveguide which doped phosphorus, such as B.H. VERUBI-KU (B. 
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. H.Verbeek), and IEEE Lightwave Technology LT-6 and pp. — it is explained by 101 1 and 1988 in full detail. 
•Other optical distribution equipments, for example, FABURI, - A thing like the Perrault interferometer is 
also usable as a vessel according to light valve. 

[0031] The configuration of the laser subsystem 60 of drawin g 5 is illustrated to drawing 6 . AM subcarrier 
block 120 inputs into an RF cycle modulator like the push pull VCO illustrated from the terminal 81 to 
drawing 2 . Although an optical subcarrier is supplied from laser 84, when you need by FM discriminator by 
the side of a receiver, in order to maintain laser appearance center-of-force vibration frequency at a fixed 
point, it forms the standard reference 82 which shows the absolute value of vibration frequency. An optical 
subcarrier is modulated with RF cycle modulation subcarrier output from a modulator 86 with the optical 
frequency modulator 88. And an optical subcarrier will transmit AM subcarrier block 120 with an optical 
frequency modulated wave. 

[0032] The external optical frequency modulator 88 changes RF modulated wave from a modulator 86 into 
an optical field wave. An optical frequency modulator bears the role using acoustooptics or the magneto- 
optical effect, and the example of this equipment is described by reference. For example, MBB 3-1 and 
pp.29-31 have described the technique of a magneto-optics interaction convertible into an optical field for 
the broadband RF cycle modulating signal in C.S. Tsai, "the method light guide beam deflection of **-ed 
[ broadband ] using a static magnetism forward wave and RF analysis of a spectrum" of D. young (C. S.Tsai 
and D.Young) , Integrated and Guided-wave Optics Topical Meeting, (IGWO) and Houston, Texas, and 
February six - 8 1989 years. 

[0033] Moreover, C.S. Tsai and Z.Y. chain (C. S.Tsai andZ.Y.Cheng) , explain "the frequency shifter by new 
integration acoustooptics", IGWO, Houston, Texas, February 6 - 8, 1989TuAA 5-1, and the acoustooptic 
interaction technique used for the same object by pp.1 42-1 45. 

[0034] Moreover, C.S. Tsai, T.Q. VU - and J.A. Norris (C. S.Tsai, T.Q.Vu, and J.A.Noris), In-and-out of the 
light of such a modulator is tied up and discussed by MDD 4-1 and pp. 76-79 in ** "formation of the lens 
array in the planar metal lens by the ion implantation method, and GaAs", IGWO, Houston, Texas, and 
February six - 8 1989 years. It clarifies also about the lens currently integrated by the modulator. 
[0035] In order to actually change FM signal-processing gain, i.e., to make a CN ratio increase to a desired 
value when adopting the modulator currently explained in full detail by reference (Tsai et al) reference, 
such as above-mentioned Tsai, it is necessary to carry out broadband FM conversion of the AM subcarrier 
information first. This conversion is performed in the usual electronic circuitry in RF field. 
[0036] The equipment which supplies the optical frequency modulation subcarrier which transmits two or 
more separate AM subcarrier blocks 120 to drawing 7 is illustrated. AM subcarrier block is inputted into 
separate RF frequency modulator (only the modulator 108 is illustrated in drawing 7 ) with a terminal 121. 
The output of other RF frequency modulators (not shown) holds another subcarrier, and is connected to 
terminals 95 and 101. 

[0037] Each block of AM subcarrier is optically modulated on the separate optical subcarrier supplied by 
corresponding laser. By having the laser according to individual to the separate block of a subcarrier, the 
total channel capacity of this lightwave transmission system can be increased. For example, the laser 92 of 
the 1st optical frequency W1 (it is possible to hold to constant value by the optical frequency absolute 
value reference 90) outputs the optical subcarrier modulated by optical frequency 94. 
[0038] Laser 98 supplies the 2nd output of the vibration frequency W2 which can be maintained at 
constant value in the vibration frequency absolute value reference 96, when the vessel according to light 
valve by the side of a receiver needs. This optical subcarrier is modulated with the optical frequency 
modulator 100. Eventually, laser 104 supplies the optical output of vibration frequency Wn (maintained at 
constant value in the vibration frequency absolute value reference 102, if required), and is modulated with a 
modulator 106. Each modulation subcarrier from laser 92 and 98,104 is inputted into a multiplexer 1 10, and 
is combined and transmitted to a single lightwave signal. 

[0039] The optical multiplexers 110 (and optical demultiplexer by the side of a corresponding receiver) are 
the components by the known technique. This multiplexer is made of the easiest example from the 
wavelength insensible fiber coupler. A micro light grid, a die clo IKKU multilayer dielectric filter, or 
unbalance Mach - All TSUENDA-interferometers etc. are equipped with the function of a multiplexer and a 
demultiplexer, for example, please refer to FG5 in "the waveguide element with which wavelength division 
multiplex integration of [ on Si substrate ] was carried out" of M. KAWACHI (M. Kawachi), Conference on 
Laser and Electro-optics, Baltimore, Maryland, and 24-April 28 1989 year. 
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. [0040] In the example of drawing 7 , it also has the light amplifier. When an optical frequency modulator has 
only very small residual amplitude modulation, a semi-conductor light amplifier is used. Erbium fiber- 
amplifier can be used and amplitude induction crosstalk can be prevented more. It is possible to connect 
some light amplifiers to a fiber distribution system at a serial, and to be able to perform economization of 
all expense, and to extend signal transduction distance. 

[0041] One approach that I accept it in order for AM subcarrier block to perform the optical frequency 
modulation of an optical subcarrier to drawin g 8 is illustrated. In this example, AM subcarrier block 120 
inputs into a terminal 123, and is carrying out direct modulation of the inrush current of semiconductor 
laser 132. Change of an inrush current generates an optical frequency chirp in laser, and, as a result, the 
linearity of FM response becomes good. 

[0042] For example, I want to refer to "the multi-electrode distribution feedback form laser for pure 
frequency modulation and tea-ping control amplitude modulation" of Y. YOSHIKUNI and G. MOTOSUGI (Y. 
Yoshikuni and G.Motosugi), Journal of Lightwave Technology, Vol.LT-5, and No. April, 1987 [ 4 or ]. 
[0043] Laser 132 is having the absolute value readjusted by the vibration frequency absolute value 
reference, and this is the need for the optical frequency multiplexer of a system, a demultiplexer, and a 
discriminator operating with specific optical frequency. Probably, it will be clear that this vibration 
frequency absolute value reference's it is better to surely have. For this reason, the photocurrent 
effectiveness or a gas cell can be used, for example. 

[0044] For example, Y.C. Chilian, P.D. Carty (Y. C.Chung, "cold start 1.5micromFSK heterodyne detection 
experiment" Optical Fiber Communications Conference of P.D.Tkach), Houston, Texas, 6-February 9, 1989, 
"Frequency discrimination of the packed DFB laser in 1 .5-micrometer field and stabilization" of TUI5 and 
M.W. Maeda, and R.E. Wagner (M. W.Maeda, R.E.Wagner), and Optical Fiber Communications I want to refer 
to TUI4 in Conference, Houston, Texas, and 6-February 9 1989 year. 

[0045] I think that it became clear that this invention is what offers the system which abolishes the 
disadvantageous point of the conventional AM fiber optics communication, and transmits an amplitude 
modulation image subcarrier block to an optical transmission path. The linearity of an optical- 
communication path will not be in the condition like the present system of feeling uneasy, but an AM signal 
can be transmitted like AM transmission by repeating frequency modulation. 

[0046] The linearity in the frequency modulation in an electric field is produced in operating an FM 
modulator on a microwave frequency. The frequency deviation which can be used by having 2 sets of 
balanced voltage controlled oscillators as compared with the case where the linearity of a modulation 
process is increase and single VCO doubles. Lower part changeover of a frequency is performed by 
combining a VCO output in a double balance mixer. 

[0047] without it deviates from the real intention and range of this invention of a claim if it is the people 
well versed in the technique although this invention has been explained with various examples — versatility 
— extensive — I think that business and an improvement can be aimed at. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram illustrating the system of this invention. 

[Drawing 2] It is a block diagram illustrating the example of the broadband VOC currently used by the block 
converter of drawing 1 . 

[Dravying 3] It is the graph having shown the linearity of actuation of the broadband VOC of drawin g 2 . 
[Drawing 4] It is the ideal transfer function of the broadband VOC of drawing 2 . 

[ Dr awing 5] The optical frequency of an optical subcarrier is the block diagram of another example of this 
invention modulated with the block of AM subcarrier. 

[Drawing 6] It is a block diagram illustrating how the block of AM subcarrier performs an external optical 
frequency modulation for an optical subcarrier. 

[ Drawin g 7] It is a block diagram illustrating the approach of performing an external optical frequency 
modulation for two or more optical subcarriers by the block with which AM subcarriers differ. 
[Drawing 8] It is the block diagram which illustrated the direct optical frequency becoming [ irregular ] 
method of an optical subcarrier with the block of AM subcarrier. 

[Qrawing_9] It is the schematic diagram of the unbalance interferometer which can be used as an optical 
discriminator in the example of drawing 5 . 

[Drawing 10] It is the graph of the transfer characteristics illustrating the range which shows the linearity 
of actuation of the interferometer of drawing 9 . 
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* NOTICES * 

JPO and NClPi are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical receiver characterized by preparing the splitter with which a type of modulation 
carries out frequency band separation of the photoelectric-transducer output for every same group in the 
optical receiver which receives the lightwave signal by which intensity modulation was carried out with the 
frequency multiple signal by which the carrier modulation was carried out by the type of modulation from 
which plurality differs, and the impedance converter which takes adjustment with the output impedance of 
this splitter, and the input impedance of pre amplifier. 



[Translation done.] 
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